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OBSERVATION OF THE 3He(p,n)3p'REACTION AT 25 MeV’

A. D. Bacher, F. G, Resmini', R. J. Slobodrian |,

¥, N
R. de Swiniarski ;, H. Meiners and W. M. Tivol"
Lawrence Radiation Laboratory
University of California
Berkeley, California 9L720

June 1969

The neutron energy spectrum from the reaction 3He(p,n)3p has been

‘measured at a laboratory angle of 8° for a proton bombarding energy of

2Lh.9 MeV. A deviation of the spectrum shape from the prediction for four-
body phase space has been observed.

Recent studies [1-4] of the mirror reactions 3He(p,n)3p and 3H(n,p)3n

~ have sought evidence for an enhancement near the four-body endpoint due to

a three-proton or three-neutron interaction. These studies have been motivated
. _ _ ‘

by an intrinsic interest in the reaction mechanism leading to..a four-body:

final state and by the possibility, admittedly remote, of detecting effects

dﬁe to three-body forces.

¥ - ' ' o
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Previous work has set limits on the productlon.of a trlproton [2] or
trineutron [h] system and prov1des rough values of the cross sectlon for the
formation of the four-body.final state. Measurements of the He(p,n)3p

reaction have been made by Anderson g_t_ ‘al. [1] at 14.1 MeV and 3°, and by
vCookson [2] at 13.1 MeV and 20°. :Thefe is no ev1dence for a neutron group,‘
"below the four-body endpoint, corresponding to a triproton system uhich

" Anderson estimates would be unbound by 1.2 MeV on the bosis offprevious 3],
‘but unconfirmed [L4]1, work:on thextrineutron. Due to the extremely low neutron
v yield, no distinet neutron spectrum was observed and there is disagreementf:;
~between the cross sections~reportedl Cookson .quotes an estimate of»the.tota;
cross section 0Oy = (5i18)’ub at 13.1 MeV uhile Anderson et al. find a
dlfferentlal cross sectlon (do/dQ) (0.5i0;3) mb/sr for neutron energies
3SE 0 < 5.85 MeV at.1L.1 MeV and 3°.
- In the present experlment we have measured the neutron spectrum from

the He(p,n)3p reaction at a proton energy of 2h.9 MeV In contrast_to pre-.

vious work this energy is cons;derably gbove the reaction threshold (10:.3 MeV).

One expects .a higher neutron yield if the cross section is essentially deter-

mined by the energy dependence of four-body phase space. The expefimental a
setup is sketched in fig. 1. .The proton beam from the Berkeley 88-inch

cyclotron was focused at the center of a 15. 2 [elei} long gas target held at a -

3He pressure of 1 atm by 6.2 mg/cm Al entrance and exit WlndOWS. The neutrons,

were detected at a laboratory angle of 8° by means of a proton-recoil spectro-
meter. A 15 cm long, 6 mm diameter, brass collimator was used to define thef

neutrons from the'target. A graphlte absorber in front of this colllmator 71

, . T - 2
was used to stop all charged partlcles Protons rec0111ng from the 27.5 mg/cm

\/

T
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. polyethylene radiator were detected and identified by a telescope consisting of

three counters of thickness 1L0 ﬂ, 300 ﬁ; and 3 nm. A triple-coincidence
requirement was used to'réducé the»numbér of random évents causéd by the
neutron background and by (n,d) ?rocéssés inlthé.Si détéctors. The suﬁ of.
the pulses from couﬁters AEl and 'AEé was used as the - AE signai for
partigle’identification [5] of thevprotdns. The particleuidentifief_spectrﬁm
shown in fig. 1 répresents a considerable improvement.over previéus eipéri—
ence [6] in this energy”range‘with a twpféounter system. It was vefifi§d £hat
the energy specfrum of'events:ébove.and below'tﬁe window shoﬁﬁ-in fig. ibl
did not féll withih the limité‘of thé observed proton—reébil spééfrum.
The'neutron background was measured‘by running the beam, fOr the same

integrated charge, through a hHe gas target,;chbsen because of the high

" threshold for neﬁfron prbduction (25.7 MeV) and the similar multiple Scattering _

effect on the beam. The detection efficiency of the recoil Spectfometer was

measured with the'eH(d_,n)3

He'reaction, at deuteroﬁ-beam energiés_of 13.5 MeV
and 11.6 MeV. The cross section was calculated ffom the Legendré éoefficientsv
given by Brolley éz_gl.’[Y]. The efficiency-for a neutroﬁ energy of 16.1 Mév-
(Ed = 13.5 MeV) was €v=a2.8.x 107°. The energy resolution.for 16.1 MeV 1

neutrons was 0.80 MeV and was due>primarily to the radiator thickneés'aﬁd the

kinematic spread of the recoil protons. Measurements at the 1bwer deuteroni"

energy gave a value of € consistent with the 1/E dependence of the

n-p cross section in the radiatdr. The values-of the cross Sectibns quotedk
for the 3He(p,n)3p reaction depend upon the accuracy of this‘calibration

(estimated to be + 15%).
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The neutron spectrum from the 3He(p,h)3p reaction at 8° is presented
in fig. 2 for a total integrated charge of 43,000 UC. The measured spectrum N

(not shown) was corrected for the background contribution and the 1/E

—
."

dependence of the spectfométér éfficiénCyu Thé points shown corréspond to sums

of thé real counts oﬁer_intervals of 0.38 MéV.' Thé érror bars include the
Statistical errors for both the 3te targét:spéctrum and thé-hHe-targetvback{
‘gfound. " The spectrum covers a neutron énergy range down to 8.5 MéV,’correééonding
to a 3p-excitation of 7 MeV. The total numbef of cOunfs beyond the foﬁr—body 
endpoint (16.7 MeV) is_conéistent with zero. There is no evidence fér.a
diétinct_neutron grqub.corresbonding_to”a-stfong interaction in the three;

pfoton system.. Thevfour—body phase space prediction, indicated by the dashed>'
cﬁrvé.in fig. 2‘does not éppear_to'account for the obser?ed.rise of fhe
spectrum‘bélow the end point. A more satisfactory fit is obtained by

considering the sequential reaction mechanism

p + 3He —>n+p+ (2p)'

in which the three-body phase space is weighted by a ';SO

two. protons in the final state [8]. The result, shown by the solid curve of

interaction between

fig. 2, has a shape more consistent with the trend of the eXperimental spectrum.

we

Integrating the spectrum over the energy range 8.3 S!En,< 16.7 Mer;j»
gives a value for the cross section (d0/dQ) = (2.6%0.4) mb/sr. The assumption . .

of a pure four-body phase space depehdence gives a value for the total cross .. i)
- section at_2h.9 MeV of Op = 29 mb. If this result is scaled with energy ‘

. according to a four-body phase space behavior, one obtains a total cross segfion
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of 92 ub at 13.1 MeV; i.e., considerably higher than the upper limit of 23 ib

set by Cookson [2]. This disagreement can be understood on the basis of our

previous remarkithat the spectrum shape in the region belOW‘thé endpoint

*J deviates.from the phage épace prediction.

In summary, the neutron energy speétrum_from'thé reaction 3He(p,n)3p_
has been observed at a proton energy of 24.9 MeV and 8°. The departure of

" the spectrum from four-body phase spacé is tentatively explained as due to

a 'lSO final-state interaction between two protons. In view of these results

it is clearly of interest to study this reaction at higher energies [9]
with particular attention to the forward angles.” It is clear that the

nature of the reaction mechanism leading to the four-body final state must be

understood before departureé.from phase space can be attributed unambigously -

'
\

to an interaction in the three-nucleon system.'However, at present, reactidn§
of this type offer the only practical way bf invéstigating the properties of‘
the T, =t 3/2 meﬁbers of the mass-3 isoépin quartet. | | :

We gratefully acknowledgé the aid of J; Ernst and A. Luccio ihvthe -

collection of data.
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. In this calculation the neutron energy spectrum is expressed by

Ck

5 max - v | 2pv - .
a O/dEndQ oc[ p(En,Ee.p) —— : 5 - dE2p-
“o . (- 1,142 _Bn) g3k ) + %2 -

- : a 2 02p R 0 2p 2p
where .E2p is the excitation in the 2p-system, p(En,Egp) .is the three;,

0

interaction'in effective range theory, and Emax’ the upper limit of the

integral, is a function of E and E

- n 2p v .
At the time of writing this paper preliminary reports (see C. J. Batty
et al., Rutherford Laboratory Report, RHEL/R170 (1968) 78) of measurements

at a proton energy of 50 MeV indicate a significant departure from phase .

space of the neutron spectrum at forward angles.
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Figuré Captions
1. (top) .Thé‘éxéériméntél sétﬁp Shoﬁing the gas targét'and the p}ofon—
recéil spectrbmétérrat 8°. The diameter of the brassvcollimator is shown
eﬁlarged.by a factor of 3.
1. . (bottom) Thefparticlé‘identifiér'spectrum for the recoil protons
showing‘fhe.window for accepted événts. |

2. The neutron énergy spectrum from the'3He(p,n)3p reaction at 24.9 MeV

“and 8°. The dashed curve corresponds to the four-body phase space pre- -

diction. The solid curve corresponds to threeébody phaSe-spaée weighted

1

by a 8 intefaCtion between two protons.. The vertical scale is pro-

0

portional to 4a-0/dEAR.
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